Increased sesqui- and triterpene production by co-expression of HMG-CoA reductase and biotin carboxyl carrier protein in tobacco (Nicotiana benthamiana).
Terpenoids are the most diverse natural products with many industrial applications and are all synthesized from simple precursors, isopentenyl diphosphate (IPP) and its isomer dimethylallyl diphosphate (DMAPP). In plants, IPP is synthesized by two distinct metabolic pathways - cytosolic mevalonate (MVA) pathway for C15 sesquiterpene and C30 triterpene, and plastidic methylerythritol phosphate (MEP) pathway for C10 monoterpene and C20 diterpene. A number of studies have altered the metabolic gene expressions in either the MVA or MEP pathway to increase terpene production; however, it remains unknown if the alteration of the acetyl-CoA pool in plastid fatty acid biosynthesis can influence terpenoid flux. Here, we focused on the fact that acetyl-CoA is the precursor for both fatty acid biosynthesis in plastid and terpene biosynthesis in cytosol, and the metabolic impact of increased plastidic acetyl-CoA level on the cytosolic terpene biosynthesis was investigated. In tobacco leaf infiltration studies, the acetyl-CoA carboxylase complex (the enzyme supplying malonyl-CoA in plastid) was partially inhibited by overexpressing the inactive form of biotin carboxyl carrier protein (BCCP) by a negative dominant effect. Overexpression of BCCP showed 1.4-2.4-fold increase of sesquiterpenes in cytosol; however, surprisingly overexpression of BCCP linked to truncated HMG-CoA reductase (tHMGR) by a cleavable peptide 2A showed 20-40-fold increases of C15 sesquiterpenes (α-bisabolol, amorphadiene, and valerenadiene) and a 6-fold increase of C30 β-amyrin. α-Bisabolol and β-amyrin production reached 28.8 mg g-1 and 9.8 mg g-1 dry weight, respectively. Detailed analyses showed that a large increase in flux was achieved by the additive effect of BCCP- and tHMGR-overexpression, and an enhanced tHMGR activity by 2A peptide tag. Kinetic analyses showed that tHMGR-2A has a three-fold higher kcat value than tHMGR. The tHMGR-2A-BCCP1 co-expression strategy in this work provides a new insight into metabolic cross-talks and can be a generally applicable approach to over-produce sesqui- and tri-terpene in plants.